because of the ease of extending the exposure across the midline and converting the incision from an inverted "U" shape into an "H"-shaped one. There has been no difficulty with sloughing of the corners of the flaps provided the main arterial supply has been preserved. The incision is carried down through the scalp, muscle, and pericranium to the skull, and the entire soft tissue flap including the pericranium is rapidly separated from the bone and reflected downward on its pedicle. Burr holes are then made at appropriate intervals. Holes that are situated in the forehead or beneath a portion of the scalp not covered by hair are usually made with the trephine so that the bone-buttons can be preserved and replaced at the end of the operation. The bone between the holes is cut through with the Gigli wire saw. The last cut is made between the ~ lowest holes in the temporal region since this is the site at which there may be troublesome bleeding from meningeal arteries. This last saw cut is not quite completed, a small bridge of bone being left in the center of it to hold the almost free bone plate in position while pairs of small drill hole sites, usuatly ~ or 8, are marked in the outer table of the skull at appropriate points for suturing the replaced plate. Then, the remaining small bridge of bone is easily broken across as the plate is elevated from the dura, and removed together with the wire saw and guide which were left in place under the bridge of bone. The bone plate is then preserved in moistened sterile gauze until time to replace it.
If a decompression is desired, additional bone is removed or a part of the plate cut away. After the intracranial portion of the operation is completed, the small drill holes which were marked at the periphery of the plate and at the margins of the skull defect are carried through the full thickness of the bone and the plate is anchored in place with silk or wire sutures. The bone-buttons, if any have been cut, are replaced and the soft tissue flap is pulled back in position and sutured in layers. RESULTS
The following is a review of 100 consecutive cases in which free bone plates have been employed (see Table 1 ).
Immediate Replacement of Normal Bone
Of the total 100 cases, 89 were ones in which normal bone plates were immediately replaced at the close of the initial operation; included are 4 cases in which there were large bifrontal plates. Of the group there were but 8 cases in which there was a sufficient postoperative complication to necessitate the removal of the plate at a subsequent operation. In 1 of these the wound became infected and the plate was removed to avoid osteomyelitis and insure quick healing. In the other ~ the original craniotomy had been performed for chronic subdural hematoma, and in 1 (a patient with blood dyscrasia) the plate was sacrificed after evacuation of postoperative extradural and subgaleal clots, while in the other the plate was removed for decompression purposes when it was necessary to evacuate a recurrent subdural clot. In the latter case the boiled plate was replaced at a later date. The last ~ cases were the only ones in the entire series requiring reopening of the wound because of postoperative hematomas.
In 1 ease of this group a free bone plate was replaced after drainage of an unexpected brain abscess and even though purulent drainage went on for some time at the margin of tl~e plate, no osteomyelitis ensued and the bone remained viable.
In ~ eases of this group superficial infections developed in the wound which required some days of open drainage but in neither was there infection of the bone or necessity for removing the plates. In a considerable number it was necessary to aspirate fluid from beneath the soft tissue flap for a few days in the immediate postoperative period but the impression was gained that this was less of a problem than it has been in the average case in which a metal plate has been used to close a cranial defect. 
Delayed Replacement of Boiled Normal Bone
There were 3 cases of the 100 in which a normal bone plate was removed at the end of an operation requiring a large decompression and in which the bone was boiled and replaced at a later date. The replacements were made at intervals varying from e weeks to a month after the initial operation and the outcome is of considerable interest. In one (Fig. 1 ) the bone plate was retained, except for slight absorption, without any further difficulty. In another the bone plate was gradually absorbed, the remnants removed, and the defect in the skull repaired with a vitallium plate. In the third case, an osteomyelitis developed, the bone plate was removed, and at a still later date, after the infection had subsided, the defect in the skull was repaired with a tantalum plate. 
Immediate Replacement of Boiled Osteomatous Bone
There were 3 cases of the 100 in which bone plates were removed containing osteomas, the osteomas chiselled off, the remaining bone plates boiled for periods from 3 89 to 10 minutes, and replaced at the same operation. There were no complications in any of these and they have been examined periodically during the 3 to 5 years postoperatively (Fig. ~) . I t is unlikely that boiling is necessary in such cases to prevent recurrence of the bony growth but in 1 of the cases the diagnosis was not determined until after permanent sections of the tumor were examined and the boiling provided a safeguard against recurrence.
Immediate Replacement of Boiled Hemangiomatous Bone
There was a single case in which an hemangiomatous plate was boiled for 8 minutes and immediately replaced.
Immediate Replacement of Boiled Meningiomatous Bone
There were 4 cases of the 100 in which free bone plates invaded by meningioma were boiled and replaced at the same operation. In 1 of the Fro. 3. (N.N., 870958, 18 yrs., male) In November 1943 a meningioma of the right occipital region was removed. Tumor invading a part of the bone plate was excised. The plate was boiled for 5 minutes and immediately replaced. These roentgenograms were taken 4 months pGstoperatively and show survival of the part of the plate uninvolved by tumor. Examination 1 year postoperative showed no change.
cases (Fig. 3) recovery was uncomplicated and examination at the end of a year showed no evidence of recurrence of the tumor or of additional changes in the replaced bone plate. Another of the patients was readmitted to the hospital 1 89 years later with another disease, died, and at autopsy was found to have some regrowth of the deep portion of her meningioma, but the replaced portion of boiled bone was in good condition and free of tumor. In the third case (Fig. 4 ) a large portion of a temporoparietal meningioma was excised before the bone plate was boiled and replaced, the periosteum and temporal muscle which were invaded by tumor had to be sacrificed, and there was a large defect remaining in the center of the plate. Within a year all the remaining portion of the bone had become absorbed and the cranial defect was repaired with a vitallium plate. There was no evidence of recurrence of the tumor when this was done. In the fourth case in this group, the frontal bone plate which had been replaced after boiling became infected along one margin and was removed 5 years after the initial operation. Later, after the infection had subsided, the defect in the skull was repaired with a tantalum plate. In this instance also there was no evidence of recurrence of tumor.
Replacement of Multiple Bone Fragments
There have been 6 eases in the series in which extra fragments of bone removed in order to increase the exposure have been replaced along with the principal bone plate. There have been no postoperative complications in any of these cases. In addition, during the period covered by this survey, multiple bone fragments in non-compounded depressed skull fractures have been satisfactorily replaced but the number of eases is too few to permit any significant conclusions.
Replacement of "Bone-Buttons"
In the past 3 years records have been kept of over 50 eases in whleh bonebuttons removed with the trephine have been replaced (Fig. 5) . Trephined bone-buttons have been replaced when holes were so situated as to leave unsightly depressions. As a group the patients have not been followed sufficiently long to afford conclusions, but at least it can be said that there have been no complications resulting from this practice and in the eases studied the "buttons" have not atrophied.
It has become apparent in this study that it is not necessary to preserve the blood supply to the bone plate when performing a craniotomy. In fact, it seems unlikely that it is necessary even to preserve the pericranium. In one patient with rhinorrhea due to a recurrent cerebrospinal fluid fistula, the frontal pericranium which had been attached to the bone plate was used to repair the leak in the dura. The free bone plate was immediately replaced and covered with only a flap of galea and scalp. Subsequent X-rays (Fig. 6 ) taken 6 months later showed good survival of the bone plate, and at a later FIo. 6. (M.N., 448530, ~ yrs., female) In June 1946 a bilateral frontal craniotomy was performed for recurrent cerebr6spinal fluid fistula which had been repaired elsewhere on 2 previous occasions. The pericranial flap was used to repair dura. The large free bone plates were replaced without pericranial covering. X-ray film taken in November 1946 (6 months postoperative) showed the bone plates to have the same appearance as before operation. operation when the rhinorrhea recurred, the bone plate was found to be in excellent condition without evidence of pitting or absorption.
In the follow-up studies it has not been possible to obtain serial roentgenograms in all of the cases but the findings indicate that in the majority of cases unboiled plates that are immediately replaced give the appearance at all times thereafter of being viable bone and often show bony union with the skull (Fig. 7) . In some there has been moderate rarefaction of the plate and spotty absorption but such changes are always evident within the first 6 months after operation and are not progressive thereafter (Fig. 8) . In one patient whose bone plate showed by roentgenogram a moderate degree of atrophy there was occasion to reopen the wound a year after the initial operation and examine the bone plate. There were shallow pitted areas in both the inner and outer tables and other areas of rough granular surface but the contour, strength and gross consistency of the plate were not remarkable and it seemed to be nourished from tiny vessels growing in from both the dura and the extracranial soft tissues.
The chief advantages of the use of the free bone plate over the customary osteoplastic flap are primarily technical. The wound can be more quickly and easily opened since the extracranial soft tissues are out of the way and the removal of the bone plate is unimpeded. In obtaining exposures near or across the midline of the skull smaller plates of bone can be removed than would otherwise be necessary if a large muscular attachment had to be left. It is easy to enlarge the exposure merely by cutting out another unattached piece of bone and later suturing both pieces back in place. The problem of postoperative bleeding from the bone is abolished. Elimination of the occasional displacement of the bone from contraction of the attached temporal muscle gives a better cosmetic result, as does the use of replaced bone-buttons.
CONCLUSIONS
The following conclusions are drawn from the study of 100 consecutive eases in which there has been immediate or delayed replacement of untreated or boiled cranial bone plates.
1. The use of free bone plates in routine craniotomies has technical advantages over the use of the classical osteoplastic flap.
~. The survival of the free bone plate that is normal and immediately replaced compares favorably with that of the bone in the osteoplastic flap.
3. There is no greater incidence of infection than in the osteoplastic flap. 4. Postoperative bleeding from the bone plate is eliminated. 5. Boiling the bone plate does not significantly increase its tendency to atrophy provided it is replaced immediately.
6. The delayed replacement of boiled bone should be avoided since it is accompanied by an increased tendency for wound infection and atrophy of the bone.
7. Tumor tissue in the bone plate can be killed by boiling but plates extensively invaded by tumor do not survive well when boiled and replaced.
